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This declaration is submitted under 37 CF.R. §1.131 to establish invention of the subject 
matter of the pending claims prior to December 20, 2000. 



I, George Hsieh, do hereby declare: 

1 . On June 29 ; 2001, the filing date of the present application designated above, T 
was an employee of Intel Corporation, the assignee of the present application. 

2. 1 am the sole inventor of all subject matter claimed in the present application, 

3. Prior to December 20, 2000, I conceived the inventive subject matter in the 
United States as evidenced by a copy of a first invention disclosure form attached 
hereto as ''Exhibit A", signed by one of my two supervisors at the time, Scott 
Dixon. Figures 1-4 on page 6 of "Exhibit A" show a printed circuit board, a heat 
sink with solderable pins, an electronic device, and a thermal interface material, 
Tn addition, Figures 1 -4 show wetting of a thermal interface material after the 
printed circuit board has been passed through a wave- soldering machine. Figures 
1 -4 further *how mounting pins wave-soldered to the printed circuit board after 
the printed circuit board has been passed through a wave-soldering machine. 

4. The dates redacted from "Exhibit A" are prior to December 20, 2000, 

5. George R. Anderson is employed by Litel Corporation as a commodity specialist, 
and he was directed by mc ? beginning prior to December 20, 2000 ? to perform 
various activities related to building embodiments ol the inventive subject matter, 
including procuring various ma;erials and tools, after I conceived the inventive 
subject matter. 
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6 "Exhibit B" is a copy of a credit card statement, dated prior to December 20, 

2000, of Mr. Anderson, showing the purchase by Mr. Anderson of aDremel Drill 
Kit, a Hand Drill, and Drill Bits to be used by Mr. Anderson in building 
embodiments of the inventive subject matter. 

7. "Exhibit C" is a copy of a purchase receipt, dated prior to December 20, 2000, 
issued to Mr. Anderson, for the purchase of the above-described tools, 

8 Prior to December 20 r 2000 r Mr. Anderson contacted Mr, Bill Walkup of 

Foxconn, Hillsboro. Oregon, for the purpose of procuring 0.025" square wire for 
use as mounting pins for prototype heat sinks , and Mr. Anderson received a 
quantity of 0.025" square wire from Foxconn. 

9. "Exhibit D" is a copy of a quotation composed and faxed by Mr. Anderson, prior 
to December 20, 2000, to Turk Manufacturing, Inc., Hillsboro, Oregon, to obtain 
price and delivery information for aluminum plates (referred to as "coupons"), to 
be used in building prototype heat sinks. 

10. "Exhibit E" is a copy of another quotation composed and faxed by Mr. Anderson 
prior to December 20, 2000, to American Precision Industries, Inc., Hillsboro, 
Oregon, to obtain price and delivery information for aluminum plates (referred to 
as "coupons"), to be used in building prototype heat sinks. 

1 1 . "Exhibit F" is a copy of my credit card statement, showing a payment made to 
American Precision Industries, Inc., Hillsboro, Oregon prior to December 20, 
2000, for fabricating aluminum plates to be used in building prototype beat sinks 
for use in embodiments of the inventive subject matter 

12. During December 22, 2000 through December 3 1 , 2000, Mr. Anderson built 
prototype heat sinks by drilling two holes in each aluminum plate received from 
American Precision Industries, Inc., and by installing 0.025" square wire, received 
from Foxconn. in each drilled hole to form mounting pins for the prototype heat 
sinks. 
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1 3. During December 22, 2000 through December 3 1 , 2000, Mr. Anderson built the 
above-mentioned prototype heat sinks while working at home in his garage, hi 
recognition of Mr. Anderson's extraordinary dedication and diligence in building 

^the ^prototype heat sinks quickly and during his personal time off from work, 1 
awarded Mr. Anderson an Intel "Spontaneous Recognition Award 1 ', having 
received approval from my supervisor to do so. 

14. I took vacation time off from my work at Intel from December 23, 2000 through 
January 1, 2001. 

15. During the first week of January, 2001, Mr. Anderson delivered to me completed 
prototype heat sinks, each having two mounting pins. 

16. During the second week of January, 2001 , T assembled an electronic assembly 
using the prototype heat sinks received from Mr. Anderson. The electronic 
assembly included a printed circuit board on which several integrated circuits 
were mounted, and at least one heat sink having a pair of pins that were soldered 
into corresponding holes in the printed circuit board. The heat sink w r as mounted 
over one of the integrated circuits, and a thermal interlace material w r as positioned 
between the integrated circuit and the heat sink. 

1 7. When I completed the electronic assembly, I recognized and appreciated that the 
completely assembled apparatus, including the heat sinks and thermal interface 
material, was suitable for its intended purpose of transferring heat from an 
integrated circuit. 

IS. "Exhibit G" is a copy of a second invention disclosure form tha: I completed at 
least as early as January 18, 2000. Page 8 of "Exhibit G" contains a set of three 
photographs that are identical to those in "Exhibit ET described below. Paragraph 
1 3 on page 5 of "Exhibit G" states that a "test vehicle used to demonstrate 
feasibility uses the two-pin thermal plate". The test vehicle is shown m the set of 
three photographs at the top of page S of "Exhibit G". 
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19. "Exhibit IT' is a copy of a PowerPoint slide that includes a set of three 
photographs. The photographs shown in "Exhibit H" were taken by me during the 
period of January 8, 2001 to January 1 7, 2001 . T originally created the PowerPoint 

^slide on January 1 7, 2001 , by impelling these three photographs. On December 3. 
20Q2, I added the legends appearing on the slide. 

20. The three photographs appearing in "Exhibit FT' show an electronic assembly, 
including a printed circuit board, a heat sink mounted over an integrated circuit 
using pins soldered into holes in the printed circuit board, and a thermal interface 
material between the integrated circuit and the heat sink. Elements of the claimed 
subject matter bear the following legends (reading from top to bottom): "heat sink 
including aluminum plate with two mounting pins soldered-down to a printed 
circuit board and disposed over an electronic dcvicc/hcat producing component"; 
"pink colored thermal interface material/thermal bond (flowing over side of 
silicon over flip chip package due to heat from wave soldering process) 1 '; "printed 
circuit board/substrate"; "heat producing component disposed below soldered- 
down heat sink"; "thermal interface material/thermal bond"; "mounting pin wave 
soldered into printed circuit board"; and "printed circuit board". 

21. The three photographs in "Exhibit H" show heat sink mounting pins wave- 
soldered to aprinLed circuit board. Tn addition, the photographs in "ExhibiL H" 
show successful wetting of thermal interface material after the printed circuit 
board has passed through pre-heaters of a wave-soldering machine. 

22. The photographs showr. in "Exhibit TP are the same photographs that T included 
on page 8 of my second invention disclosure form attached hereto as "Exhibit G'\ 
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23. I further declare that all statements made herein of my own knowledge are true 

and that all statements made on information and belief are believed to be true, and 
further that ihese statements are made wiih the knowledge ihaTwillfui false 
statements and the like are punishable by fine or imprisonment, or borti, under 
Section 1001 of Title 1 * of the United Sute Code, and thai such willful false 
statements may jeopardize the validity of this application or any patent issuing 
thereon. 



Date: 



r»tr3 

Okt 6ft4.4*?USI 
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Respectfully submitted, 
GEORGE HSIEH 
By his Representatives, 

SCH WEGMAN, LUNDBERG, WOESSNKR & KJLUTH. P A 
P.O, Box 2938 
Minneapolis, MN 55402 
(603)888-7958/^ v y / 

Reg. No. 44,255 

I^vb^ify 0^ *U pep* i, bcu* c^nscr.Wi *y feestaU* lo the U.S. tent aud Tnd rourk Office on the date aW 

/ Pa tc of Trensni*« on 



Date 
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EXHIBIT - A 



INTEL CONFIDENTIAL 
Attorney-Client Privileged Communication 



^ TMG INVENTION DISCLOSURE 

^JJ^ frv^/^wTt Located at: nn py /te alin^wn 

LEGAL \DU (legal dept. use only) DATE: 



ll is important to provide accurate and detailed information on this form (flu in ALL areas under lrwenton>]), The 
information will be used to evaluate your invention for possible filing as a patent application. When completed, 
please return this form to Janice Boulden, Intel Legal Department at JF3-147, You can submit 
electronically via e-mail lo "Invention disclosure submission" If all of the Information is electronic, 
including drawings and supervisor approval. If you have any questions regarding thia form or to whom it 
should be forwarded, please call 503-264-0444, 

Fill out the below and follow the instructions; 

1 . Field of the Invention: Semiconductor Prooeut ctanca and Integration 

Semiconductor Proc*M + Equipment: tilth fHw 

Semiconductor Process ♦ Equipment; et?h/Utho 

Circuit Deatgn 

Hash 

T«tt 

CON (Q&R) 
Packaging 
0 Boardi /Cartridge 
Automation 
Otn*r 

2. Concise Title of Invention: 

Using the wave soldering process lo attach motherboard chipset heatslnke. 
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The invention f$: 



irShlS £ V he ° f , k 376 5 ? lderin9 (a5 0p P° 5ed to niechanicel fasteners or sprina clips) as the 
method tor attaching cnrpset heatsmk to motherboards. p ' 



T/?e tey elements are: 



The key elements of this invention are CM solderahiA teatnrac «~ ^ , 

heateink is attached to the motherboard t> ^ve J!£lrTL ^n&w ? 3 t P ?' the hSat8inK - {2) 



TMGIDF.doc 

Received from < 612 339 3061 > at 1 2(6/02 1 :56:32 PM [Eastern Standard Time] 



12 '06 '2002 FRI 12: 37 



FAX 6^T339 3 0 61 SDYK 



@ 026 054 



4. Inventor(s): 




Name: George Hsieh 




E-Mail Address: 




£ e u r u^hs i c h (r^ i n t r 1 . u rn 




Phone: 


Fax: 


503-696-6227 




Citizenship: ^ 


inprv/lcrtr Mama 1 


USA 


Stephen C. Schade 


Group Name: TMG, 


Contractor: 


Divsjon Name: atd 




PTD CTM_ CH_ 


YES 


STTD CQN _ 




SMTD_X„TCAD 


NO 


Others 




Name: 




E-Mail Address: 




Phone: 


Fax: \- 



INTEL CONFIDENTIAL 
Attorney-Client Privileged Communication 



WWIDtf 
10564853 

Home Address: 
5449 Preakness Terrace 
Portland, OR 97229 

Supervisor Phone: 
696-4347 

Inventor Signature; 




WWID# 



M/S: 
HF1-79 



Supervisor M/S: 
HF1-79 



M/S; 



Home Address: 



Crtfzenshfp; 

Group Name: TMG 
Division Name: atd_ 
ptd_ ctm r cr 

STTD CQN _.. 

SMTD 7 CAD . 

Other? 

Name: 

E-Mail Address: 
Phone: 



Supervisor Name: 
Contractor: 

YES 

NO 



Fax: 



Supervisor Phone: 
Inventor Signature; 



WWIDrf 



Supervisor M/S: 



M/S: 



Home Address: 



oitize^snip: 

Group Name: TMG 
Division Nam©: atd_„ 

PTC CTM . OR 

STT0_ _ CQN 

SMTD. TCAO 

Other? 



o'jpe'Visor Name; 
Contractor: 

YES 

NO 



Su^fVsor Phone: 
Inventor Signature; 



Supervisor M/S: 



(PROVIDE SAME INFORMA TION AS ABOVE FOR EACH ADDITIONAL INVENTnm 
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INTEL CONFIDENTIAL 
AUorney-CHent Privileged Communication 

5. HAVE YOUR SUPERVISOR READ, DATE AND SIGN COMPLETED FOpM <us* first Inventors 
supervisor ij multiple Inventors) , * ^y^C^/^y / 

DATE: . SUPERVISOR NAME; 

BY THIS SIGNING, I (SUPERVISOR) ACKNOWLEDGE THAT I HAVE READ AND UNDERSTAND THIS 
DISCLOSURE, AND RECOMMEND THAT THE HONORARIUM BE PAJD. 

6. Has subject matter of present disclosure been disclosed or wilt It be disclosed outside Intel? 

It yes, explain and give date: No, However, potential suppliers tor therma* interface material and sinks 
will bB contacted for Bamples for discovery work. 
(Give expected tape out date If applicable): 

7. Has the subject matter of present disclosure been published or win it be published outside of 
Intel? No 

If yes, explain and give date: 

B. Has a product using or manufactured using the present disclosure been told or offered for sale? 

No. 

If yes, explain and give dete: 

9. Han this Invention been conceived, or constructed during accomplishment of a government or 
third parry contract? No. 

if ye*, give contract name and number: 

1 0. Explain the problem being addressed by the invention; 
This Invention addresses the problem of: 

This invention addresses the continuing need tor reducing the cost of heatslnk assembly on motherboards 
When power of chipset or devices is relatively low, opportunities to sacrifice 6 C s for lower total cost can oe 
exploited. 

In addition to manufacturing gains, soldered heatslnks have thG additional advantage of being able to 
provide some degree or local motherboard stiffening around the chipset for no additional cost. 



11, Explain current state of the art (l.e, how the problem Is solved today): 
Presently the problem described above Is solved by: 

Presently, chipset thermal solutions ^r^ attached by use o f rivets, spring clips, wire c;;os, o- Cher 
mechanica fasteners. Some uses epoxy to giue the sink :o the device. AH of these methods requl r e an 
additions) assembly $tep, headcoun\, ana JJne space after all soldering steps are completed. The total cost 
of the chipset thermal solution cannot remove the cost associated with an additional post-solder 
processing step 
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Attorney-Client Privileged Communication 

1 2, Explain technical advantages of the invention over current state of the art: 

The technical advantage of this invention it: 

The advantage of the Invention is that it Is expected to be very cost effective. Assembly of a wave 
tk?^ , If H nk C ?" b H , int9 9 ra,ed easi| V lnto any existing motherboard line mat uses wave soaring 
The cost of headcount and line space traditionally associated with heatsink attach at find assembly Tan be 
eliminated. The material cost of the heatsink is expected to be at parity with current SuSSrtradina tSe 
cost of cups or other mechanical fasteners for wave solderable features mounted in^hlheSk 

13. a. l9 the Invention experimentally verified? Ybg 

b, Is the Invention verified with simulation? No, 

c, If neither «. or b. nbove, then you can get a potent on the concept but olease exDiain th« 
technical b-sls to |u s «fy that your Invention will work ( U ,e «tr. ^» nLl^) 

The oasis of mis Invention Is to use heat from the wave preheaters i 0 liquefy thermal interface material 
dunng the wave soldering process. As the thermal Interface material melts the weight of the siS deforms 
me thermal interface material to wet the surface of the active device. We ting can be assisted by tor no- 
loaded component hold-downs (commonly used in wave soider/ng to hold tall THM components St 
during soldering or additional compression on the interface heating and soldering WhJe the ESa 
interface material is still hot and in the l.'quid stale, the sink is soldered in placTover the solder Dot AsThe 
board exits Ihe wave the sink is tlrmiy soldered ,n place with condline o« the thermaMn SSS m a e* 
locked in place The key technical challenge to this invention is producing adequate wetting (a S *sS onTv 
p W rehea e ters r ° m 8 * W6i9ht ° f th9 35 ,h6 thermal ,nt9r1ace materSifftn fhfwave 

nl^^lt^T^ fea$ibi ' ity iS With the enabled ,hermal so ' ution '° r «>e 850 chipset The 
enabled thermal solution is a pa ss ,ve pin.fm sink (weighing 16g) attached to an OLGA MCH with wire c 

and uses Chomencs T710 phase change thermal interface material Demonstration was done on « S 

board with Dixon (same package size as 850 MCH but larger die) KfSK^ to ? 

st:rSre~ S T?25 ' WNCh n ° ' iberfllaSS C — ™ d m 0 r a Tne r pad 

b °H rd wi,h h h ^ 1 * inks P' ac ^ on the Dixon devices waa passed through the wave using a desktop 
motherboard wave heating profile. The thermal interface material was allowed to melt ana I collar*^ nnrt-r 
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INTEL CONFIDENTIAL 
Attorney- Client Privileged Communication 
Detailed Description of Invention (try use only the space provided wKh font #10 or forger type. 
Refer to your drawings): 



Sink with 
solderable p ins 

device 



2. 




Thermal 

interface 
material 



Sink is hand-placed on board 
along with other THM components. 
Interface material is either a phase 
change pad or dispensed grease 



Thermal interface material melts 
or becomes less viscous from he&t 
fn wave preheaters. Thermal material 
wets device and bond line is reduced 
slightly from weight of (he sink 



Sink is soldered fn place over the 
wave solder pot while the thermal 
interface material Is $tiil hot. 



Board exits wave and cools. 

Sink, let soldered in place with thermal 

interface material bond line locked. 



Referenced ^ftches/dwa's/dfaorams: fu»e additional paqe($)l 
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INTEL CONFIDENTIAL 
Attorney-Client Privileged Communication 

15. 

Drawings (use as many pages as needed) 
(PLEASE DO NOT MAKE COLOR DRAWINGS) 



Figure 1. Present State of the Art (often this is helpful to explain your Invention, but It is not 
required), 



Shown below are A common methods for attaching thermal solution to motherboard chipset devices None 
uses wave soldering as a method tor attach, and ail requires additional final assembly $tm (or mors tn the 
case wilh epoxy attach). 




Spring-loaded 




Figure 2. The Invention (use additional figures 03 needed to show details and additional 
Embodiments) 



pins press-fit into 
heatsink flanges. 




Figure 3,4,5, etc. Steps for Making Invention 

Manufacturing of passive sinks with flanges is already HVM processes from suppliers. Addition of 
solvable futures can be accomplished by a press-f't operation after stamping out the sink. 

Alternative./, the sink Dan be cast around the wavg soldereble pins. 
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17. 

18, 
19. 



INTEL CONFIDENTIAL 
Attorney-Client Privileged Communication 
Key Supporting Data (1 page limit on separate page): 

Shown below are two examples of the wetting characteristics o( O.S"xQ.5 M pad size 0 005" thick Chomerics 
T725 pad on an OLGA device. 

The phase transition temperature of the T725 material is 58°C. The wave profile was that for Garibaldi, the 
motherboard 850 chipset launch. Measurement shows the temperature of the heatsink surface where the 
thermal interface material is attached is above 60*C for 30-40 seconds in a typical pass through the wave. 
Temperature is above 70° for 13-25 seconds and above 80 fl C for 8-12 seconds. The thermal Interface 
material melts during preheating and wave soldering. 

The sinK used is an 18g pin-fin heatsink (same as that enabled for the 850 chipset), Wetting was not 
assisted by use of any component hold-downs or additional weights on the eink. 



in both cases, the thermal interface material has completely wet the back of the silicon over the entire 
0.5"x0.5" thermal interface pad area (the Dixon silicon in this demonstration was longer than 0.5" In one 
direction). The lightweight of the heatsink is sufficient to cause adequate wetting to ensure good thermal 
contact when the material melts in the wave preheaters. Since the T725 material used In this 
demonstration and T710 material currently used in the d50 chipset thermal solution has the same initial 
thickness (both 0.005° thickness) and apparent thermal conductivity (both 0.7 W/m-K), the case-to-sink 
thermal resistance dos of the demonstrated solution is expected to be comparable or better than that of the 
850 chipset. 

What is the product or process Invention to be used on? (e,g,, P6xx, name of product, etc.): 

Desktop mother boards - wave sohdering. 



Have you reviewed your invention wtth a TMG Patent Mentor? (see below for mentor names) If so, 
grve name: . 

Any other Information IP committee should consider? 
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EXHIBIT - B 



AddMoftal Irtfocrrul&fl FtogtflJtng 



Transaction* 

Port R*f*WC9 Nomt+t 

4425477F3QZWNQTLD 



Osscr{ptfOfl 

THS TOOL PEDDLER PORTLAND Oft 
THE TOOL PEOPLE* PORTLAND OR 



&9. 
11 
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THE TOOL PEDDLER 
990? SE 62ND 
PORT LAND- OR. 

503-777-9665 

c o v 

S<» 1 ' 

Transaction t* 

Card Type: uTSfl 

Exp, Date: 0¥H 
Entry: Sui^d 
Sals: 1 a^> 

Referejvc* No.* 0038 0^58 
AuLVi Code: 003694 
Response fiP 



I ) 
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Intel Corporation 



EXHIBIT - D 



Subject: Sketch for coupoos. 



Fax 

Page 1 of _2_ 
Urgent: 



Confidential 
Date: 



From: George Anderson 



Phoac# ; 503-456-1337 
fax # 503-456-1224 



M/S: AG4-409 



To: Mark Franzcn 

Turk manufacturing 
Message: 
Mark. 



Fax#: 503-693-0427 



M/S: 



Page 2 and is the sketch of the coupons that we discussed this afternoon. 
Please quote price lor or sooner delivery of the following; 

Qtyof 200 pes 

Man is aluminum. -100 thick X 2 " X 2 % ' 

4 Holes will be though ,024 to ,026 in dia. Will advise correct dia. 



Note that the coupon can be longer To 2,2 M satisfy the 1.908 center to center hole 
locations. 



Regards 

George R. Anderson 

Commodity Specialist 

Km ail: george.r. Anderson (alintcl ,com 

M S AC4-40* 

20420 Von [Neumann Drive 
Beaverton, Oregon 97006 

IMPORTANT NOTICE: 

"THIS INFORMATION IS INTENDED TO BE ¥ OR THE USE OF THE INDIVIDUAL OR ENTITY NAMED ON TIUS 
TRANSMITTAL SHEET. IP YOU ARE MOT THE INTENDED RECIPIENT, Ut AWAKE THAT ANY DISCLOSURE, COPYING . 

oiSTRiBirrrors; or lse of tw contents or THIS faxed information is prohibited, if you have RECEIVED 

THIS FACSIMILE IN ERROR, PLEASE NOTIFY THE SENDER BY TELEPHONE IMMEDIATELY .SO THAT 
ARRANGEMENTS CAN RE MADE FOR THE RETRIEVAL OF THE ORIGINAL DOCUMENT AT NO COST TO YOU " 



l-XXPORM I XX' ■ ,*HV. :V*a 
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iny Fax 

Pafic 1 of 2 

Urgent: 

Confidential 

Date; _ 

Subject: Sketch for coupons. 

From: George R. Anderson Phone# ; 503-456-1337 M/S; AG4-409 

Tax #503-456-1224 



To: SHAWN Fax#: 503-642-5454 M/S: 

American Precision Ind. 

Message: 
Shawn, 

Page 2 and is the sketch of the coupons that we discussed yesterday. 
Please quote price for dv sooner delivery of the following: 

Qty of 200 pes 

Mat'l is aluminum, .100 thick X 2 " X 2" 

4 Holes will be though .024 to ,026 in dia. Will advise correct din. 

Note that one 2" leg can be longer to 2.2" satisfy the K908 center-to-center hole 
locations. 

Regards 

George R. Anderson 

Commodity Speciulist 

Email; georgc.r.andcrsont&jntel .com 

M/S AG4-409 

20420 Von Neumann Drive 
RtMvertoii, Oregon 97006 

IMPORTANT NOTICE: 

"THIS INFORMATION IS INTENDED TO BE FOR THE USE OF THE INDIVIDUAL OR ENTITY NAMED ON THIS 
TRANSMITTAL SHEET. IF YOU ARE NOT THE INTENDED RECIPIENT, BE AWARE THAT ANY DISCLOSURE COPYING 
DISTRIBUTION OR USE OF THE CONTENTS OF THIS FAXED INFORMATION IS PROHIBITED. IF VOL HAVE KtX El V Kl) 
THIS FAOIM1I .IS IN ERROR, PLEASE NOTIFY THE SENDER BY TELEPHONE IMMEDIATELY SO THAT 
AKRA>C;IlMF.NTS CAN BF. MADE FOR THE RETRIEVAL OF THE ORIGINAL DOCUMENT AT NO COST TO VOL " 
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EXHIBIT - F 



CS^bank. 



Statement 



U.S. BANK NATIONAL ASSOCIATION NO 
C/D US. BANCORP SERVICE CENTER JNC 
P.O. BOX 6343 
FARGO, ND 56125-6M3 
REMIT TO: 

m f^^ 0 ^ ASSOCIATION NO 

POBOX SlC 00RP SEnWCE CENTER ' ,NC - 
FARGO, ND 58125-6310 



' ' 6 E 0 R GC ' 'h sVeH " ,n '"''" nl, ^ , ^ ,,, " , "'"W 

INTEL CORP - SPOCC 
5200 NE EL AM VQUNG PKWY 
HF1-79 

HILLSBOR0 OR 97124-6463 



INTEL CORPORATION 



* .00 I 



»*« C* J\WQPAYUH*il column 



□□DDODOOQ 



J C.CUS TOU MACHINING HlLLSBORD O R 



■ " lax 9 



Llll 



TRAMS A mOM 



. REFERENCE NUMBER 1 V 



Q.»0 



TAX * 



1 C MASTER CARft 5UPP 65 Q -63 4- ?&<I0 iT 
1/ERBAI. CEORGE ~ T^Zjjjjf"* 



0. Qo 



~ AMOUNT OF Kr r fli ttp k ST7 

nCo"cT(Hii-rt<nr'"' — ~I 




aw 



US, BANK NATIONAL ASSOCIATION NO 
OQ U.S. BANCORP SERVICE CENTER INC 
P.O. BOX B344 
FAHQQ, NO 58125-6344 

customer service ?hqn6 
1-Q0O-344-5696 



ACCCNJMT SUMMARY 



STATEMENT 
DATE: 



CASH 



FEB 05 . 2on 1 paywea/ts 



Nfi* Balance 



.00 
.00 
,00 

. Q0 

. 00 
.00 
.00 
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EXHIBIT - G 




INTEL CONFIDENTIAL 
Attorney-Client Privileged Communication 

TMG INVENTION DISCLOSURE 
Located at: hncV/leqal.inlel.com 



LEGAL ID# . 



.(legal ctept. use only) 



DATE: 



JAN T8 2001 



it is important to provide accurate and detailed information on this form (fJfl in ALL areas under Inventorls]), The 
information will be used to evaluate your invention for possible filing as a patent &ppJfcetk)n. When completed, 
please return this form to Janice Bookton, Intel Legal Department at JF3-147. You can eubmtt 
electronically via e-mail to Invention disclosure submission" H alf of the Information 1$ electronic, 
including drawing* and eupervisor approval. If you have any questions regarding this form or to whom it 
should be forwarded, please call 503-264-0444. 



Fill out the below and follow the instructions: 



Field of the Invention: 



Semiconductor Proc***: dtvlw and lr\*gr«bon 
Semiconductor Proe*** + Equipment ttiln film* 
Semiconductor Proce** ♦ Equipment tich/Utho 
Circuit DuJpn 

Test 

CON (Q&R) 

PacSugHtfl 

Boaraa/CartrkJpt 

Automation 

Other 



2. Conclee Title of Invention: 

Using the wave soldering process to attach motherboard chipset heatslnks. 
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INTEL CONFIDENTIAL 
Attorney-Client Privileged Communication 
3- Brief Description of Invention (please use only snace provided and font #10 or larger. Write the 
Key Element* of the Invention): 

The Invention le: 

The invention is the use of wave soldering (as opposed to mechanical fasteners or spring clips) as the 
method lor attaching chipset heateinks or thermal plates to motherboards. 



The key element* arm: 



The key elements of this invention are (1) solderable features are formed as a part of the heatsink or 
iherma) pJafe, (2) heatsink Is attached to the motherboard by wove soldering the soiderabh features into 
plated through holes on the motherboard, (3) thermal solution uses either a thermal grease or a phase 
change material that liquefies and wets the device under heat from wave soldering process. 
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4. Inventor(s): 

Name: George Hsleh 
E-Mail Address; 

geor^e, h si eh (Virile I .CP m 

Phone: 

503-696-6227 

Citizenship: 

USA 

Group Name: TMG 

Division Name; ATD 

r~D CTM CR 

STTD _ CON 

S MT D . X__TC AD 

Other? 



INTEL CONFIDENTIAL 
Attomey-Clicnt Privileged Communication 



Fax: 

503-696-1521 



WW ID* 
10564853 

Horn© Address: 
5449 Preakness Terrace 
Portland, OR 97229 
Supervisor Name: Supervisor Phone: 

Stephen C. Scriade 696-4347 
Contractor: Inventor Signature: 

YES 



NO 



M/S: 
HFW9 



Supervisor M/S: 
HFl-78~ 



Name: 

E-Mail Address: 
Phone: 



WWID# 



Pax: 



Home Address: 



M/S; 



Citizenship: 

Group Name. TMG 
Division Name: atd 

pro CTW CR 

STTD CON 

SMTD TCAD 

Other? . 



Supervisor Name: 
Contractor: 

YES 

NO 



Supervisor Phone: 
Inventor Signature: 



Supervisor M/S: 



Name; 

E-Mail Address: 
Phone: 



Fax; 



WWID# 



Home Address: 



M/S: 



Citizership: 

Group Name: TMG 
Division Name: atd 

PTD CTM w _ CR 

STTD CQN 

SMTC TCAD 

Other? 



Superviso r Name: 
Contractor: 

YES 

NO 



Supervisor ^hcne: 
Inventor Signature: 



Supervisor M/S. 



(PROVIDE SAME INFORMATION AS ABOVE FOR EACH ADDITIONAL INVENTOR) 
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INTEL CONFIDENTIAL 
Attorney-Client Privileged Communication 



5. HAVE YOUR SUPERVISOR READ, DATE AND SIGN COMPLETED FORM (u«e first inventor's 
supervisor tf multiple inventors) 



BY THIS SIGNING, I (SUPERVISOR) ACKNOWLEDGE THAT \ HAVE READ AND UNDERSTAND THIS 
DISCLOSURE, AND RECOMMEND THAT THE HONORARIUM BE PAJD. 

6. Has subject manor of present disclosure been disclosed or will It be disclosed outside Intel? 

II yes, explain and give d«t«: No. However, potential suppliers for thermal interface material and sinks 
will be contacted for samples tor discovery work. 
(Give expected tape out date H applicable); 

7. Has the subject matter of present disclosure been published or will It be published outside of 
Intel? No. 

If yu, explain and give date: 

8. Ha$ a product using or manufactured using the present disclosure been sold or offered for sale? 

NO. 

If yes, explain and give date: 

9. Has this Invention been conceived, or constructed during accomplishment of a government or 
third party contract? No. 

It yes, give contract name and number: 

10. Explain the problem being addressed by the Invention; 
ThJ$ invention addresses the problem of: 

This invention addresses the continuing need for reducing the cost of heatsink assembly on motherboards. 
When power of chipset or devices is relatively low, opportunities to sacrifice 6^ or 8^ for lower total coel 
can be exploited. 

In addition to manufacturing gains, soldered heatsinks have the additionaJ advantage of being able to 
provide some degree of local motherboard stiffening around the chipsBt for no additional cost. 



1 1 . Explain current state of the art (l.e, how the problem Is solved today): 
Presently the problem described above Is solved by: 

Presently, chipset therma ; solutions are attached by use of rivets, spring clips, wire clips, or other 
mechanical fasteners. Some uses epoxy to glue the sink to the device. All of these methods require an 
additional assembly step, headcount, and line space after all soldering steps are completed. The total cost 
of the chipset thermal solution cannot remove the cost associated with an additional oost-sokier 
processing step. 



DATE; 



SUPERVISOR NAME: 
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INTEL CONFIDENTIAL 
Attorney-Client Privileged Communication 
12- Explain technical advantage* of the Invention over current state of the art: 

The technical advantage of this Invention /*; 

The advantage of the indention is that rt is expected to be very cost effective. Assembly of a wave 
severable he&tsink can be Integrated easily into any existing motherboard line that uses wave soldering. 
The cost ot headcoum and line space traditionally associated with heatsinfc attach at final assembly can be 
eliminated. The material cost of the he&tsink is expected to be at parity with current solutions, trading the 
cast ct clips or other mechanical fasteners for wave solderable features mounted in the heataink. 

13. a. fa the Invention experimentally verified? Yes. — 

b. Is the Invention verified with simulation? No. 

c. If neither a. or b. above, then you can get e patent on the concept, but please explain the 
technical basis to Justify that your Invention will work (use extra space If necessary); 

The basis ol this invention ia to use heat from the wave preheated to liquefy thermal Interface material 
during the wave soldering process. As th» thermal interface material molts, the weight of the sink deforms 
the thermal interface material to wet the surface of the active device, Wetting can be assisted by spring- 
loaded component hold-downs (commonly used in wave soldering to hota tall THM components straight 
during soldering) for additional compression on the interface during heating and Soldering, While the 
thermal Interface material Is still hot and in the liquid state, the sink is soldered in place over the solder pot. 
as the board exits the wave, the sink is firmly soldered in place with bondline of the thermal interface 
material locked in place. The key technical challenge to this invention is producing adequate wetting 
(assisted only with heat from the wave and the weight of the heateink) as the thermal interface material 
melts in the wave preheat ere. 

The teat vehicle used to demonstrate feasibility uses the two-pin thermal plate variant of the design. The 
pins are 0.025" square cross-section, typical ol headers and tloppyhard drive connectors. The thermal 
plate is constructed to be of the same mass (16g) as the thermaJ solution used for the 650 chipset MCH. 
Demonstration was done on a test board with Dixon (same OLGA package size as the 850 MCH but larger 
die). Thermal interface material used in the demonstration is Chomencs T725 phase change thermal 
interface material. The pad size applied to the thermal plate i$ 0.5"x0.5", same as that on the 650 chipset 
thermal aoWrtwn. Each thermal plate usee two plated through holes at opposing corners ol the OLGA. The 
holes are 0.030" finished diameter plated through hole, a typical size for many of the motherboards. 
Compared to the current 850 chipset thermal solution, the use of only two holes represents a 50% 
reduction in board space consumed to attach a thermal solution. 

Test boards with thermal plates placed on the Dixon devices were passed through the wave using the 
Garibaldi (Willamette/850 launch platform) motherboard wave heating profile. The thermal Interface 
material was allowed to melt and collapse under only the weight of the sink (no assistance with component 
hold-downs). Once out of the wave, the sink was removed to examine area coverage. The results are 
shown in section 16. 

h add-on, tne tested thermal plates were successfully reworked. Sixteen soldered tr.errnat piates were 
de-soldered using only the hand-soJderlng guns provided at motherboard rework areas, Residual thermal 
interface material on the die was cleaned off completely by wiping with isopropanol. 

Snce the material thickness and thermal conductivity are the same between Chomerics T725 and T710, 
the latter is used in the enabled thermal solution for the &50 chipset MCH, thermal performance of the 
demonstratec interface is expected to be comparable to the current mechanically-attached solution. 
However, since the demonstrated solution uses only the wave for thermal solution, it is expected to be less 
costly as final assembly is not longer required. 
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INTEL CONFIDENTIAL 
Attorney-Client Privileged Communication 
14. Detailed Description of Invention (try to use only the grace provided with font #10 or larger type. 
Refer to your drawings) 



Sink with 




Thermal 
interface 
malarial 



Sink Is hand-placed on board 
along with other THM components. 
Interface material is either a phase 
change pad or dispens&d grease 



Thermal Interlace material melts 
or becomes less viscous from heat 
in wave preheaters. Thermal material 
wets device and bond line is reduced 
slightly from weight of the sink. 



Sink is soldered In place over the 
wave solder pot while the thermal 
interlace material fs stiff hot. 



Board exits wave and cools. 

Sink Is soldered in place with thermal 

interface material bond line locked, 



The soldered thermal solution can take the form of either a sink or s'rrnply a thermal plate, and It can have 
either tour or two wave solderable features. Minimum requirement is two, A four pin deeign allows the 
heetsink or a thermal plate to become a local board stiffening device, which is desirable in certain cases 
although not a requirement for this invention. 



Referenced sketche»/dwg's/diaQram;3: fu?e additional paqefstt 
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INTEL CONFIDENTIAL 
Altomey-Client Privileged Communication 

Drawings {use as many peges as needed) 
(PLEASE DO NOT MAKE COLOR DRAWINGS) 



Figure 1 Present State of the Art (often this l$ helpful to explain your Invention, but It la not 
required). 

Shown below are 4 common methods for attaching thermal solution to motherboard chipset devices. None 
uses wave soldering as a method for attach, and all requires additional final assembly step (or more in the 
case with epoxy"&ttach). 



Mechanical 
dips 




Mill 



Spring-loaded 
fasteners 



lllllllll 



Rivets 



immii 



Figure 2. The Invention (use additional figures as needed to show detail* and additional 



Embodiment*) 

Haateink wiUi 4 pins 



Tnarrnai plate wtth 4 pins 




Figure 3,4,5, etc. Steps for Making Invention 



Manufacturing of passive sinks with flanges is already an HVM processes from suppliers. Addition of 
soWerable features can be accomplished by a either a punch cr drill & press-fit insertion operation after 
stamping out the sink. 

Alternatively, the sink can be cast around the wave soiderable pins. 
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INTEL CONFIDENTIAL 
Attorney-Client Privileged Communication 
16. Key Supporting Data (1 page limit on separate page): 

Shown is the two pin thermal plate assembled according to the design outlined in this disclosure. The 
wetting of 0.5"x0.5" pad size O.005" thick Chomerics T725 pad on an OLGA device la al$o shown. 

The phase transition temperature of the T725 material is 58°C. Measurement of the Garibaldi wave 
soldering temperature profile shows the temperature of the heataink surface where the thermal interface 
material is attached stays above 60°C for 30-40 seconds in a typical pass through the wave. Temperature 
is above 70* for 13-25 seconds and above 80 C C for 8-12 seconds. The thermal interface material melts 
during preheating and wave soldering. 




The two 0.025" wave solderabie pins (on the upper left and tower right comers of the thermal pfate) is 
soldered into two 0.038" finished plated through holes on the PCB. Two pine are sufficient to fasten the 
thermal plate onto the PCB. Clearly seen beneath the thermal plate Is the OLGA. Thermal Interface 
material can be Been at the edge of the die. 

Thermal material coverage Thermal material coverage 
thermal plate side die side 




The thermal imerface materia! has completely wet the back of the silicon, well beyond the 0.5"x0.5" outline 
of the original pad. The lightweight of the thermal plate is sufficient to cause adequate wetting to ensure 
good thermal contact when the material malts. Since the T725 material used in this demonstration and 
T710 material currently used in the 850 chipset thermal solution has the same initial thickness (both O.0O5" 
thicKness) and apparent thermal conductivity (both 0.7 W/m-K), the case-to-sink thermal resistance ©cs of 
tne demonstrated solution is expected to be comparable to 4 hat of the 850 chipset. 
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INTEL CONFIDENTIAL 
Attorney ^Client Privileged Communication 
17, What Is the product or process Invention to be used on? (e.g., P8xx r name of product, etc.): 

Desktop mother boards - wave soldering. 

16, Have you reviewed your invention with a TMG Patent Mentor? (see below for mentor names) If AO r 
give name: , . 

lfc k Any other Information IP committee should consider? 
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